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CORRELATION

BY JAMES BURT MINER
Cariugie Institute of Technology

Interpretation of Correlations.—Godfrey H. Thomson in three
papers (49, 50, 51) has made a fundamental contribution to the
interpretation of correlations from the psychological point of view.
The fallacy of reasoning from hierarchies of coefficients to the
necessity of Spearman's general common factor has led him to
elaborate his earlier suggestion of group factors into a wider theory
for the explanation of the correlations of mental activities. "The
mind, in carrying out any activity, such as a mental test, has two
levels at which it can operate. The elements of activity at the
lower level are entirely specific, but those at the higher level are
such that they may come into play in different activities. Any activ-
ity is a sample of these elements. The elements are assumed to be
additive like dice, and each to act on the 'all or none' principle, not
being in fact further divisible" (51)- On account of the presence of
group factors in mental activities a table of intercorrelations tends to
take the form of hierarchy as naturally as a frequency distribution of
observations takes the form of the normal probability curve. The
hierarchy may be due to the sampling of the elements which make up
the variates. In mental testing these are not chance samples of the
elements but samples chosen to measure different kinds of activities
(49). Contrary to Spearman's contention, a hierarchy is proved not
even to indicate that a general common factor is the most probable
explanation of the relations found.

Attention is called by Thomson in a note (50) to the fact that
correlations may be produced otherwise than by overlap. For
example, in a hand at whist the number of hearts in my hand
correlates positively with the number of spades in my neighbor's
hand, although my hand may contain no spades and his no hearts.
This needs to be harmonized with the frequent interpretation
accepted by Otis (31) that "a coefficient of correlation between two
series of values is a measure of the percentage of elemental causes
common to both." Common causes seems to be a different con-
cept from overlapping observable factors. A common fallacy in
the interpretation of partial correlations is discussed by Thomson
(50) at some length. The difference between a total correlation
between x and y, of .50 and the partial coefficient of .30 between
x and y when % is kept constant, does not tell the extent to which the
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connection between x and y is through z. In the illustration, z may
account for the difference of .20, but it may not. He gives several
examples from the psychological literature on tests in which wrong
deductions of this type have been made and he provides a formula for
determining, if the correlations are produced by overlapping,
whether the relation must be due to a factor common to the three
variates. The papers are quite readable for the non-mathematical
reader and the diagrams of the possible relations between elements
in an activity do much to make the discussion clear.

It seems to be a notable advance in the use of correlation methods
that cautions are being more frequently noted and the limitations
of the method more often recognized. Thurstone (56) gives an
excellent brief restatement of the meaning and limitations of the
correlation methods. Besides the usual cautions, he states that the
multiple correlation equation does not express a relationship analo-
gous to that of the volume of a box, in which the volume equals a
constant times the height, depth and width. The multiple correla-
tion coefficient expresses only the relation of the dependent variable
to factors which can be added together. He believes that the con-
dition in which the combined effect of several independent variables
on the dependent variable is additive is one which is rarely found.
This limitation upon the methods, he thinks, is more serious than
non-linear regressions which can be rectified by algebraic artifices.
He advocates the larger use of these methods of rectifying non-
linear regression curves. In mentioning possible causes of low
coefficients, he does not call attention to one common extraneous
influence, namely, the fact that the range of the measurements is
often much reduced by reason of the selection of the group measured.
This may easily reduce the coefficient so decidedly that it will
not express at all the true relationship. Stickland (45) gives
evidence for the idea that, from successive trials with the same
tests, improvement in ability is a factor in the increase of correla-
tions. The interpretations of intercorrelations in relation to the
testing of general ability are referred to later in this summary.
In using the Spearman method of correlating differences in ranks
several investigators are beginning to realize that large coefficients
may rather frequently be obtained merely by chance although there
is no real relationship involved. Pintner (35), for example, found
empirically that chance arrangements, in ten trials, of 12 photo-
graphs correlated with each other from + 4 3 to —.74, average
— .08. Reasoning from coefficients obtained from ranking such
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small groups must be with extreme caution, unless the results are
repeatedly verified or represent averages of numerous coefficients.

Statistical Method.—Ritchie-Scott (40) provides two new
methods which are intended to more satisfactorily determine the
correlation coefficient when the frequencies are grouped as they often
are in psychology into three classes, such as good, indifferent, bad or
present, doubtful, absent, in which the extreme cases can be dis-
tinguished leaving a middle group in which discriminations are not
made. The new equations give what he terms enneachoric r and
polychoric r. He makes a number of concrete comparisons of the
new method with other methods of treating correlation tables of
more than 2 x 2 and less than 4 x 4 cells. The actual differences in
the coefficients thus calculated seem quite negligible when one
considers the size of the errors that must affect the results from the
present inaccuracies of methods of human measurement. Isserlis
(20) develops a formula for determining the standard deviation of
the multiple correlation coefficient which allows for the fact that
this coefficient is essentially positive and its frequency distribution
unsymmetrical. Pearson and others (32) give tables for finding
the product-moment coefficients of the various orders of the normal
correlation surface of two variates. Isserlis (19) and Bergstrbm
(3) provide formulas which are briefly stated in the titles of their
papers. To utilize these statistical papers, the psychologist would
naturally call on the mathematician for assistance. Toops (59)
makes useful for the less expert statistical worker methods of
constructing charts from which may easily be read off values of
a dependent third variable when the common representative values
of the two independent variables are known, for example, reading
the values of Spearman's rank-difference coefficient when the
number of cases and the sum of the squares of the differences are
known; also for calculating the effects upon such coefficients of
apparently aberrant cases. He also gives an illustration of a method
for plotting an equation of the second degree (y = a.x*) in such a
manner that not only common values, but any value of x may be
used. Otis (31) gives us a method for obtaining, without separate
calculations, the correlations of each test with the composite of a
group of the tests when the intercorrelations of the tests are known.
Adams (l) sets forth step by step a method for computing the
Pearson product-moment coefficient which saves effort by both
avoiding the attention to algebraic signs and reducing the number
of arithmetical computations.
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Evaluation of Tests.—In a word of caution, Thorndikc (52) speak-
ing of prediction from tests says that "if we placed persons in the
first tenth, second tenth, third tenth, etc., of men on the basis of
a correlation of .80, we should be wrong seventy-three times out of
a hundred." He means wrong in the sense of getting them into the
wrong tenth. The importance of recognizing the large error of
prediction, especially with small coefficients, had been emphasized
before in those correlation summaries. That correlation has only
limited value when problems of fixing a borderline are attacked is
clearly brought out by the trade test work in the army and in fixing
"critical scores" for indicating students who should be dropped
from college as Thurstone (55) suggests. In developing point
scales for measuring mental ability it is worth noting that reliability
coefficients are rejected by Otis (31) as a means of weighting tests
since "such procedure practically implies that all the tests aim to
measure the same thing. But since they do not, any weighting
to compensate for different degrees of reliability, necessarily also
emphasizes the effect of certain particular abilities and is to that
extent undesirable." Fretwell's study (10) is a model example of
testing a test using correlation methods. The value of tests in the
Yerkes-Bridges Point Scale is given by correlation by Sunne (46),
of the Thorndike, Kansas and Starch reading tests by Starch (44);
eleven tests are evaluated by Buckner (4). On this topic one
should also see Otis (31), Myers (28), and the correlations of certain
tests with teachers estimates or school marks as given by Baum,
Litchfield and Washburn (2), Chapman (5), Colvin (7), Haggerty
(15), Proctor (38), Terman (47), Thurstone (55), Uhl (60). Evalua-
tion of army tests are given by Yerkes (63) and by Thorndike (53)-
The relations of age and schooling to test records is evaluated by
Jones (21) and by Tildesley (57) using correlation, and by McNally
(29) without coefficients. The first differentiates Ijetween a
"stability index" obtained by the correlations of similar activities
after long-time intervals and the ordinary reliability coefficients
for tests.

Relations to Heredity and Environment,—Popenoe and Johnson
(36) and Starch (43) summarize the correlation work on inheritance
of abilities; Miner (26) does the same so far as it bears on delin-
quency. Gordon (13) and Pintner (34) give correlations of siblings
for tested mental ability. Kornhauser (23) gives the association
between school advancement and economic success measured
by having a home telephone. By partial correlation, Tildesley
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(57) found that artistic imagination deteriorated less with age of
pupils who studied drawing longer, so that it may be the function
of education to prevent deterioration of natural high qualities
like artistic capacity rather than to develop them de novo.

General and Special Abilities.—Thomson's papers referred to
at the beginning of this summary are the most important contribu-
tion on the question of a General Common Factor. Otis (31)
does not believe that "correlational spread" (McCall's term),
the sum of the intercorrelations of a test with others, is as good
an indication of the extent to which a test measures general ability
as would be obtained from a correlation between the test and a
measure of the fitness of the individuals to adapt themselves to
new conditions and problems of life, if that criterion were available.

In turning to the use of correlation for the analysis of person-
ality two groups of the references may be grouped into those dealing
with abilities in practical life and those dealing with character
traits. In the latter group Folsom (9) has given the most interest-
ing study of relations of estimated traits of college students. It
is the most comprehensive contribution to this field that the writer
knows. He suggests two possible general traits; one represents,
the relative strength of objective and subjective appeals, the other
is general emotionality and energy. An innovation was tried in
tracing the relation of traits to the ranking of certain appeals of
advertisements and of subjects of study. It is very suggestive
as a method for finding objective data on a person's interests and
their relations to estimated traits. Objective records of popularity
and athletic achievement, physical and strength measurements
were also obtained and the relations to traits determined. Robson
(41) made a briefer study of estimated traits; Hull and Montgomery
(17) trace the relations of handwriting to character. Correlations
used in the study of mathematical ability are dealt with by Rogers
(42); mathematics and English, by Tolman (58), and by White,
May and Washburn (62); for memory, King and Homan (22) and
Gates (11); for visualization, Grifntts (14); for learning, the Col-
burns and Myers (6), Myers (27), Perrin (33), and Pyle (39); for
judgment, Gordon (12); for artistic capacity, Tildesley (57); for
variability of performance, Buckner (4). Starch (43) summarizes
work in the interrelations of abilities.

Turning to the study of the relation of practical abilities to various
tests, the most important study is the relation of tests to the en-
gineering profession in Mann's study for the Carnegie Foundation
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(25). From the work in the army we have the relation of test
levels to success in occupations as well as to officers' estimates of
success in the army, given by Yerkes (63), and by Thorndike
(53)) and with ability in flying by Henmon (16). Link (24) and
Porteus (37) give some correlations with success in industry,
Oschrin (30) in retail salesmanship, Thurstone (54) in telegraphy;
Flanders (8) finds that clerks in an express office were not selectable
by intelligence tests. The relation of juvenile delinquency to
mental deficiency was measured and reviewed by Miner (26).
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